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Objectives: we determined the incidence and specific markers of postoperative delirium in elderly patients with chronic
lower limb ischaemia.
Patients and methods: since April, 1995, 110 patients aged 60 years or older (mean: 71.6±6.6 years) who underwent
bypass surgery were assessed regarding aetiological factors of delirium: age, sex, dementia, body-mass index, hypertension,
diabetes, cerebral disease, laboratory test results, severity of limb ischaemia, type of arterial occlusion, operative time, and
blood transfusion.
Results: discriminant analysis showed statistical significance in the following five variables: age[70 years; critical limb
ischaemia (and/or ankle pressure <40 mmHg); dementia; duration of operation[7 hours; low serum albumin. The overall
percentage of cases correctly classified was 78.2% (Wilks’ Lambda=0.695, p<0.001); the standardized regression
coefficients of the five variables were 0.648, 0.500, 0.329, 0.218, and 0.200, respectively. In logistic regression, the
regression coefficients for old age and critical limb ischaemia were 2.646 (14.1 of odds ratio; 95% confidence interval,
2.7–72.0) and 1.337 (3.8; 1.3–10.9), respectively.
Conclusions: the incidence of postoperative delirium in elderly patients with chronic lower-limb ischaemia was as high
as 42.3%, and an age of over 70 years and critical limb ischaemia were identified as specific markers, with 14.1 times
and 3.8 times the odds of suffering from delirium after bypass surgery.
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Introduction is no doubt that the delirium is a hazardous com-
plication in postoperative care. Because of its clinical
Delirium is defined as an acute transient organic brain importance, the specific aetiological factors influencing
the occurrence of delirium have been investigated insyndrome,1–3 the pathophysiology of which still re-
mains unclear. Delirious patients are unco-operative, various surgical fields.7–9 Significance of aetiological
variables vary from study to study; however, old ageresulting in prolonged recovery time, extra nursing
care, longer intensive care unit stay (ICU), and higher has been demonstrated to be a common predisposing
factor. There are no reports which have focused oncomplication rates.4,5 Delirious patients manifest a
fluctuating mental disorder characterised by a reduced delirium in patients undergoing vascular surgery.
Hence, we investigated the incidence and specificlevel of consciousness and global disturbances of at-
tention, orientation, perception, and sleep–awake markers of delirium after bypass surgery in patients
with chronic lower-limb ischaemia.cycles. Encephalography or other diagnostic measures
have demonstrated no specific findings, and most
patients complete a full recovery within a few days.
Delirium is thought to be due to a reversible im-
Patients and Methodspairment of cerebral oxidative metabolism and neuro-
transmission caused by hypoxia.6 Nevertheless, there Between April, 1995 and March, 1999, 161 unselected,
consecutive patients with chronic lower limb isch-
∗ Please address all correspondence to: T. Sasajima, M.D., Ph.D., First aemia due to arteriosclerosis obliterans (ASO) under-Department of Surgery, Asahikawa Medical College, Midorigaoka-
Higashi 2-1, Asahikawa, 078-8510 Japan. went elective bypass surgery. Of the 161, 110 patients
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Table 1. Patients’ characteristics. Selection of relevant factors for postoperative delirium
No. of patients
The markers were selected on the basis of the aetio-
n=110 logical factors delineated by Lipowski8 and the specific
factors in bypass surgery for patients with chronicAge (years) range 60 to 90
mean±S.D. 71.6±6.6 lower limb ischaemia. Association variables included:
Sex age; sex; preoperative cognitive impairment; body-
Female 9 (8.2%) mass index (BMI, weight in kg/height in metresMale 101 (91.8%)
Prevalent operative risk factors squared); presence or absence of hypertension, dia-
Hypertension 93 (84.5%) betes or cerebral disease; preoperative laboratory test
Diabetes 32 (29.1%) results; severity of ischaemia (claudication versus crit-Central nervous disorder 11 (10.0%)
Severity of ischaemia ical ischaemia and/or low preoperative AP); single
Claudication 78 (70.9%) versus multiple segmental occlusion; operative time;
Critical limb ischaemia 32 (29.1%) use of intraoperative blood transfusion. Among thesePreoperative AP <40 mmHg 22 (20.0%)
[40 mmHg 88 (80.0%) factors, the continuous variables were dichotomised
Bypass procedures at a specific cut-off point: age at 70 years, HDS-R at
Aorto-femoral bypass 45 (40.9%) 20, BMI at 20, AP at 40 mmHg, operative time at 7 h,Femoro-popliteal or crural bypass 28 (25.5%)
Aorto-femoro-popliteal or crural bypass 37 (33.6%) and laboratory test results at the respective normal
limits. Addiction to alcohol or sedative hypnotics and
AP: ankle pressure. their withdrawal syndrome, prior to regular use of
pain medication, history of delirium, personal or fam-
aged 60 years or older who consented to this study ily history of psychosis, acute cerebral disorder or
were assessed (Table 1), while 39 patients under 60 seizures, and prophyria, also listed as important fac-
years of age were assessed only for the occurrence of tors, were precluded from evaluation because of the
delirium. Seven patients who refused to participate absence of such patients in the present study.
and one patient who underwent revision surgery for
early graft thrombosis were excluded. The remaining
four patients who underwent a precedent operation
for coronary artery disease, thoracic aortic aneurysm, Evaluation of preoperative mental status
or cancer were precluded from this study. The 110
patients included nine females, and the average age Pre-operative cognitive status was measured using the
was 71.6±6.6 years (range: 60–90 years). The in- revised version of Hasegawa’s dementia scale (HDS-
dications for bypass surgery were claudication in 78 R),10 which is comparable with the Mini-Mental State
(70.9%) and critical limb ischaemia (including ex- Examination reported by Folstein et al.11 The HDS-R
tensive nonhealing ulceration, rest pain, and/or under has been widely used as a brief cognitive state test in
40 mmHg of ankle pressure (AP)) resulting in ob- Japan and consists of nine questionnaire items rated
ligatory bed rest in 32 (29.1%). The bypass procedures by examiners of the patients’ interviews. The scores
included 45 (40.9%) aorto-femoral, 28 (25.5%) infra- are 0–30, with the highest attainable score of 30; scores
inguinal, and 37 (33.6%) aorto-femoro-infrainguinal below 21 are indicative of cognitive impairment.
procedures. The extraperitoneal approach was em-
ployed in all patients undergoing aortic repair. Con-
tinuous epidural anaesthesia was used exclusively in
three patients, general anaesthesia exclusively in 13, Diagnosis of delirium
and a combination in 94. All patients, except those
over 80 years and/or with cardiac disease, received Delirium, which includes three variants – hyperactive
(agitated) state; hypoactive (quiet) state; and a mixedanticholinergic agent (benzodiazepine, and atropine
sulphate) and a histamine-2 (H2) blocker intra- state with fluctuations between both states – was
assessed by the Confusion Assessment Method (CAMmuscularly prior to anaesthesia. Postoperatively, all
patients were closely monitored in ICU, and received criteria.4 The patients were classified as having de-
lirium if they met the following conditions of mentalepidural bupivacaine and/or intramuscular injection
of nonopioid analgesics. Cephalosporins were ad- disorder: (a) acute onset of cognitive impairment with
a fluctuating course, and (b) at least two of the fol-ministered intravenously during the operation and
twice on the first postoperative day. There were no lowing: (i) perceptual disturbances; (ii) disorganized
thought; (iii) disorientation and memory impairment;operative deaths or major amputations.
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Table 2. Incidence and characteristics of postoperative delirium(iv) altered level of consciousness; (v) hyperactive or
in 110 patients with chronic lower limb ischaemia.hypoactive psychomotor activity. The actual abnormal
No. of delirious patients 32 (29.1%)behaviour of delirious patients involved agitation, fre-
Onset (days after surgery) 2.5±1.0 (range: 2–5)quent summoning of nurses, removal of lines, tubes,
Duration (days) 1.9±1.2 (range: 1–6)or dressings, and leaving the bed and wandering; Length of ICU stay (days) 4.1±2.1∗ (range: 1–8)
Category of deliriumsevere cases needed restraining. All patients were
Agitated 25 (78.1%)screened by at least once-daily interview, using the
Quiet 1 (3.1%)CAM questionnaire administered by the nursing staff. Mixed 6 (18.8%)
Observation and recording were continued from post-
ICU: intensive care unit. ∗p=0.012 versus non-delirious subsetoperative Day 2 through to Day 7, or until the day
(2.9±2.2).the patient regained a normal score. Patients who did
not develop delirium for one week after surgery were
grouped into the non-delirium subset. met the CAM criteria (Table 2). The onset of the
delirium ranged from Day 2 to Day 5 after surgery
(mean 2.5±1.0 days). The duration ranged from 24
hours or shorter to 6 days (mean 1.9±1.2 days), and
all of the patients fully recovered within 7 days. TheStatistical analysis
duration of the ICU stay was significantly longer in
the delirium subset than in the non-delirium subsetCalculations and statistical analyses were performed
(4.1±2.1 days vs 2.9±2.2 days, p=0.012). The 32 de-using the StatView 5.0J (SAS Institute Inc., U.S.A.) and
lirious patients were classified into the agitated variantthe SPSS 7.5J (SPSS Inc., U.S.A.) software packages.
in 25 (78.1%), the quiet variant in one (3.1%), and thePatients were classified into two subsets based on the
mixed variant in six (18.8%).presence or absence of postoperative delirium. The
Student’s t-test or the Mann–Whitney U-test was used
to compare continuous variables, and the Chi-squared
test or Fisher’s exact probability test for discontinuous Screening of possible associations of postoperative
variables. When significant differences were present, delirium
discriminant analysis was used to predict probability
of membership in the delirium subset and to assess Significant univariate factors included old age, pre-
the contribution of each variable. Logistic regression operative cognitive impairment, critical limb ischaemia
analysis was also performed to determine the most or low AP, low serum albumin, and prolonged op-
specific markers for postoperative delirium. A p-value erative time (Tables 3 and 4).
less than 0.05 was considered significant. Eighteen (16.4%) of the 110 ASO patients met the
HDS-R criteria of dementia preoperatively. Of the 18,
the occurrence rates of delirium in the demented and
the non-demented patient groups were 55.6% (10/18)
and 23.9% (22/29). The mean HDS-R scores of theResults
delirium and non-delirium subsets were 22.5±4.7 and
25.6±4.2, respectively, showing statistical significanceThere were no major postoperative medical com-
(p=0.007, p=0.004) (Table 3). Delirious patients fre-plications such as massive bleeding, pneumonia, liver
quently failed to give correct answers for time ori-and/or renal failure, or graft or wound infection. There
entation (date, day, month, and year), ability to countwere no operative deaths, although three patients died
three numbers backwards, and verbal fluency. Of theof cerebrovascular accident between 3 and 24 months
18 demented patients, 12 were more than 70 years ofafter surgery. No delirium occurred in the 39 patients
age and 10 of the 12 (83.3%) developed delirium,younger than 60 years of age.
whereas none of the remaining six demented patients
below the age of 70 years developed delirium. These
results suggest that although dementia is a facilitating
factor of delirium, its influence depends largely on old
age.Incidence and characteristics of delirium
The incidence of delirium in the patients with critical
limb ischaemia was significantly higher than that inPostoperative delirium occurred in 32 patients (29.1%)
with a mean age of 76.1±6.1 (range: 65–90 years) who the claudicant group (56.3% (18/32) vs 17.9% (14/78),
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Table 3. Influencing factors on the occurrence of postoperative delirium.
No. of patients
Total Delirium Non-delirium
Variable n=110 n=32 (%) n=78 (%) p-value∗
Age (years) 71.6±6.6 76.1±6.1 69.8±6.0 <0.001
60 to 69 39 2 (5.1) 37 (94.9)
[70 71 30 (42.3) 41 (57.7) <0.001
Sex
Female 9 2 (22.2) 7 (77.8)
Male 101 30 (29.7) 71 (64.5) 0.636
Hypertension 93 28 (30.1) 65 (69.9) 0.583
Diabetes 33 7 (21.2) 26 (78.8) 0.234
Cerebral disease 11 1 (9.1) 10 (90.9) 0.124
HDS-R score 24.5±4.5 22.5±4.7 25.6±4.2 0.004
Ζ20 18 10 (55.6) 8 (44.4)
21 to 30 92 22 (23.9) 70 (76.1) 0.007
Body mass index 22.2±3.1 22.3±3.3 22.1±3.1 0.852
Ζ20 22 4 (18.2) 18 (81.8)
>20 88 28 (31.8) 60 (68.2) 0.208
Severity of ischaemia
Claudication 78 14 (17.9) 64 (82.1)
Critical limb ischaemia 32 18 (56.3) 14 (43.7) <0.001
Preoperative AP 63±33 47±36 69±29 <0.001
<40 mmHg 22 12 (54.5) 10 (45.5)
[40 mmHg 88 20 (22.7) 68 (77.3) 0.003
Type of occlusion
Single segment 53 14 (26.4) 39 (73.6)
Multiple segments 57 18 (31.6) 39 (68.4) 0.551
Operation time 399±148 442±148 381±145 0.050
<7 hours 65 14 (21.5) 51 (78.5)
[7 hours 45 18 (40.0) 27 (60.0) 0.036
Blood transfusion 43 17 (39.5) 26 (60.5) 0.053
HDS-R: the revised version of Hasegawa’s dementia scale; AP: ankle pressure.
∗ Student’s t-test or Mann–Whitney U-test, or chi-squared test or Fisher’s exact probability test where appropriate.
Table 4. Relation between preoperative laboratory blood examination results and occurrence of delirium.
Specific cut-off No. of patients with No. of
points abnormal levels delirium (%) p-value∗
WBC >9.8×103/mm3 6 1 (16.7) 0.491
RBC <4.25×106/mm3 52 18 (34.6) 0.227
Hb <13.4 g/dl 60 18 (30.0) 0.818
Ht <39.6% 53 16 (30.2) 0.807
Pl >3.7×105/mm3 5 1 (20.0) 0.647
TP <6.0 g/dl 5 2 (40.0) 0.583
ALB <3.8 g/dl 18 9 (50.0) 0.033
A/G <1.31 20 7 (35.0) 0.491
T-CHO >240 mg/dl 11 3 (27.3) 0.912
CPK >195 IU/l 7 2 (14.3) 0.962
BUN >20 mg/dl 26 7 (26.7) 0.781
Na <135 or >150 mEq/l 3 1 (33.3) 0.870
K <3.5 or >5.0 mEq/l 4 2 (50.0) 0.348
Cl <96 or <110 mEq/l 8 4 (50.0) 0.176
WBC: white blood cell count; RBC: red blood cell count; Hb: haemoglobin; Ht: haematocrit; Pl: platelet count; TP: total protein; ALB:
albumin; A/G: albumin–globulin ratio; T-CHO: total cholesterol; CPK: creatine phosphokinase; BUN: blood urea nitrogen; Na: serum
sodium; K: serum potassium; Cl: serum chloride. Each specific cut-off point is consistent with the normal limits. ∗Chi-squared test or
Fisher’s exact probability test where appropriate.
p<0.001). The respective mean APs were 47±36 mmHg years of age, and six of them also suffered from
preoperative dementia. Hence, the specificity of criticaland 69±29 mmHg (p<0.001), showing that critical limb
ischaemia may significantly influence the occurrence limb ischaemia as a marker still remained unclear.
In the laboratory test results, low serum albuminof delirium (Table 3). However, all of the 18 delirious
patients with critical limb ischaemia were over 70 revealed a statistically significant difference only
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Table 5. Discriminant analysis using the five variables for post- that specific markers are old age first, with critical
operative delirium.∗ limb ischaemia following.
Variable  F p-value
Age [70 years 0.648 19.494 <0.001
HDS-R score Ζ20 0.329 7.685 0.007
Critical limb ischaemia
Discussionand/or AP <40 mmHg 0.500 19.529 <0.001
Operation time [7 h 0.218 4.493 0.036
Albumin <3.8 g/dl 0.200 4.679 0.033 Dyer et al.12 reported in a review article that the overall
incidence of postoperative delirium was 36.8%, with∗Wilks’ lambda, 0.695; df=5; p<0.001; : standardized canonical
discriminant function coefficients. a range of 0–73.5%. The primary reasons for this wide
variation were the underdiagnosis of quiet delirium6
and an inconsistent application of numerous diag-between the delirium and non-delirium subsets (50.0% nostic methods. The Diagnostic and Statistical Manualvs 25.0%, p=0.033) (Table 4). of Mental Disorders, Revised Third Edition13 (DSM-
III-R) criteria has been commonly used for diagnosis of
postoperative delirium, while the CAM questionnaire
based on the DSM-III-R has also been employed.4,14What are the specific markers?
The incidence of postoperative delirium in studies
which employed these diagnostic criteria were foundThe preceding results suggested that an age of more
than 70 years, preoperative dementia, critical limb to be 38.5% in cardiac surgery,12 41% in orthopaedic
surgery for elderly patients,15 and 17% in gastro-ischaemia and/or a low AP, low serum albumin, and
an operative time of more than 7 h were all statistically intestinal surgery.16 However, there were no reports
regarding delirium after bypasses for patients withsignificant estimators of the occurrence of delirium.
Discriminant analysis for further evaluation of the two chronic lower limb ischaemia. In the present study,
delirium occurred in 29.1% patients; comparable withsubsets also showed statistical significance in each
of the five variables; the overall percentage of cases those in cardiac and elderly orthopaedic patients.
Lipowski categorised predisposing, precipitating,correctly classified was 78.2% (Wilks’ Lambda=0.695,
p<0.001), and the respective standardised canonical and facilitating factors. Age over 60 years and more
was listed as one of the predisposing factors, and it isdiscriminant function coefficients were: age[70 years,
0.648; critical limb ischaemia and/or AP <40 mmHg, clear that postoperative delirium increases with age.8
In noncardiac surgery, an age of more than 70 years0.500; HDS-R score Ζ20, 0.329; operative time [7 h,
0.218; low serum albumin <3.9 g/dl, 0.200 (Table 5). has been thought to be a definitive predisposing factor
of postoperative delirium,6,12,15 and the present results,In logistic regression analysis of the occurrence of
delirium for the five variables, the regression co- in which 93.8% of our delirious patients were aged 70
or older, coincided with these reports.efficients for old age and critical limb ischaemia were
2.646 (14.1 of odds ratio; 95% confidence interval, Marcantonio et al.4 and Morse et al.5 reported that
preoperative cognitive impairment greatly increases2.7–72.0) and 1.337 (3.8; 1.3–10.9), respectively; thus,
patients above 70 years have 14.1 times the odds the risk of developing delirium. Gustafson reported
that the best predictors of delirium after surgery for hipof having postoperative delirium than do patients
younger than 70 years, and patients with critical limb fractures were old age first, with dementia following.17
The present study showed that, although a low scoreischaemia have 3.8 times the odds (Table 6), indicating
Table 6. Logistic regression analysis for postoperative delirium.∗
Variable  Odds ratio (95% CI) p-value
y intercept −4.104
Age [70 years 2.646 14.1 (2.7–72.0) 0.002
HDS-R score Ζ20 1.201 3.3 (0.8–13.5) 0.093
Critical limb ischaemia
and/or AP <40 mmHg 1.339 3.8 (1.3–10.9) 0.013
Operation time [7 h 0.564 1.8 (0.6–4.9) 0.281
Albumin <3.8 g/dl 0.661 1.9 (0.5–7.0) 0.330
∗ Log likelihood, −46.897; df=5; p<0.001; : logistic regression coefficient.
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